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| will show only a (v. small)
subset of recent CMS 8 TeV
results

— Summary of Higgs results*
— Beyond the SM searches™*
* tb resonances
* stops

*: “Latest Results on the Higgs Boson” Wine & Cheese Seminar by Chris Neu [September 12]
**: Complementary to nice talks given by Nhan Tran [April 25] & Sal Rappoccio [June 6] 3



Stairway to heaven...

CMS has measured most of the SM processes with amazing precision!

“Yesterday’s discovery is today’s calibration, and tomorrow’s background.”

- V. L. Telegdi [http://cern.ch/go/If9C]
Feb 2014 CMS Preliminary
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Hi

by vector boson fusion (VBF)

All production modes exploited (gg, VBF, VH, ttH)

— Latter 3 have smaller ¢ but better S/B in many cases
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s Boson Production

Dominant production mode: gluon-gluon fusion followed
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Higgs Boson Decax

—

LHC HIGGS XS WG 2010

5 important decay modes:
 High mass: WW, ZZ
 Low mass: bb, tt, WW, ZZ, yy

* Very good mass resolution (1%): 102
H—>vyy and H>ZZ->4l

e 77(41) has low background

—
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Oversimplified big picture

H—¢cc

H—HH

H-=bb H—= H-=WW H—=ZZ H-yy H—=ZMy H—=inv. H—up

ggH * * * * * *
VBF R ¢ * * * * * * *
* * * * * *
m * * * *

A. David (ICHEP 2014)

Still much to explore on the rarer ends.
(to the right and to the bottom) (and outside this picture)



Grand Summary

H— WWH - 722 — 4 VH H—bbH — 77 H— vy

Mass
Resolution 16% 1-2% 10% 10-20% 1-2%
Expected
Significance 5.8 6.7 2.1 3.7 5.2
o)
Comments  High Yield Low Bkg 3.2 o (obs)
1st
evidence of
fermion
coupling

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG




Final Run | H=> vy analysis

Final calibration of the ECAL for Run 1 data.

Improved simulation/understanding of:

* ECAL noise evolution with time.

» Effect of out-of-time collisions.

* material in front of ECAL.
Improved description of energy scale
uncertainties.

25 event categories (all production modes)...
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Significance: 5.70 obs. (5.20 exp.)

EPJC: arXiv:1407.0558




Combined Mass Measurements&

Combining the high resolution channels

—
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Combination of Final Results

CMS-PAS-HIG-14-009

L
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o /ogn = 1.00 £ 0.13 [io.og(stat.)jg;gi(t,heo.) + 0.07(syst.)]

Signal Strength

Grouped by dominant decay

Combined
u=1.00+0.13

H — bb tagged
u=0.93+0.49

H — 1t tagged
n=0.91+0.27

H — vy tagged
nu=1.13+0.24

H— WW tagged
p=0.83+0.21

H — ZZ tagged
n=1.00+t0.29

19.7fb (8 TeV) + 5.1 fb' (7 TeV)
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Grouped by production tag

Combined
1=1.00+0.13

Untagged
n=0.87+0.16

VBF tagged
p=1.14+027

VH tagged
u=0.89+0.38

ttH tagged
u=2.76+0.99

19.7 b7 (8 TeV) + 5.1 fb' (7 TeV)

CMS

Preliminary
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Coupling deviations

Scaling the couplings to
fermions (k;) and
vector bosons (k).

All decay channels

converging around SM
expectation.

CMS Preliminary 19.7 o' (8 TeV) + 5.1 fo™' (7 TeV)

-+ Observed ¢ SM Higgs

H—bb




Searches (BSM)



Searches for W’ bosons

* With the discovery of the Higgs boson, the problem of the stability of M,
against radiative corrections has become urgent.

— For m, = 126 GeV, requires cancellation to 1 part in 103!

k ,’-—.-‘\\
(fw (WZ Y S ¢ higes "
: 3

 New heavy gauge bosons (e.g. Z’/W’) predicted by many new physics
theories with enlarged symmetry:
— Sequential Standard Model, Little Higgs, Extra Dimensions, Minimal
Higgsless Models, Technicolor, etc.

* New physics models introduce new particles which cancel the

divergences of the top, gauge, and self-coupling loops
15
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CMS Searches for New Physics Beyond Two Generations (B2G)
95% CL Exclusions (TeV)
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Shown publicly for the first time today!



squark gluino production

stop

sbottom

slepton EWK gauginos

RPV

Summary of CMS SUSY Results* in SMS framework ICHEP 2014
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Searches for W’ bosons

New heavy gauge bosons (e.g. W’)

— Bosonic: WZ, Wy
— Hadronic: qq’, tb

predicted by many new physics w’
theories WAVAVA
— Sequential Standard Model,
Little Higgs, Extra Dimensions,
Minimal nggsless Models, __. CMS preliminary, 20 fb", 2012, |s=8TeV
Technicolor, etc. 3 N E— beorves oo CL it W ov
Lo Observed 95% CL limit W' — uv
oM = Expected 95% CL limit
X = Expected 95% CL limit = 10
@ -y ggn::;\t,?: :i"/o" CL limit = 20
W’ signatures o°L | B poF uncertainty
SH B [ W, with 1 = 10 TeV NNLO
. F —mnin - WKKW|th = 0.05 TeV NNLO
— Leptonic:e + Vv, W+ V, T+ V L T N L o e
102 - ) ,‘:,,‘,_:, B ,\\ e + ET . +,;ET, ) _E

CMS-PAS-EXO-12-060
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Searches for W’ bosons

New heavy gauge bosons (e.g. W’)
predicted by many new physics

theories

— Sequential Standard Model,
Little Higgs, Extra Dimensions,

Minimal Higgsless Models,
Technicolor, etc.

W’ signatures

— Leptonic:e+v,u+v,T+V

— Bosonic: WZ, Wy

— Hadronic: qq’, tb

CMS-PAS-EXO-12-025

CMS Preliminary 2012
1 1 T 1 | I T 1 I | 1 1 I

~Obs. 95% C.L.
----- Exp. 95% C.L.

| |Exp.+ 10
| |Exp.t 20

-
.....
.

- Js=8TeV

- IL dt=19.6fb" :
1 1 I 1 1 1 1 l 1 1 1 1 1 1
500 1000 1500 2000
" (GeV)



W’'=> tb

* The single top quark decay channel is a promising searching ground for a
W' that interacts hadronically

— Relatively small QCD multijet backgrounds, compared to the decay to
light quarks

— Couplings to third generation fermions may be enhanced in some
models

* Muller, Nandi: Phys. Lett. B 392 383 (1996) 345,
» Malkawi, Tait, Yuan: Phys. Lett. B 385 (1996) 304

— No assumptions regarding the mass of the right-handed neutrino
e Three different production channels possible:

— Only s-channel is interesting (resonance)

— W' contribution to the other channels is too small

* The effective Lagrangian of W' interactions to quarks can be written in a
model independent form as:

L= g For(aR, (14+7%) 4k, (1 15)) WS, + he,
2\/5- i fifi JiJ} '




W-W’ Interference

,/’
/

SM W production

S

SANAL
/

/ N\

W' produclion

Both left- and right-handed couplings are allowed, and if the left-
handed coupling is non-zero, the W' will interfere with the SMW

Interference effects significantly
change the shape of the M(tb)
distribution

The full effect of interference can be
taken into account by simulating three

different signal samples with left-

handed, right-handed, or left- and

right-handed fermionic couplings

arbitrary units

10"

102

10°°

CMS Simulation \s=7TeV
| T ' | ' T T ' I ' I ' ! I ' ! ' ]
i u+jets, m=1.2 TeV |
- - w' —
§ o W
i = -l W'mixed
i ~ iy
L
i L _
1 |
B . |

500 1000

1500

2000 2500
M(tb) [GeV]



Event Selection (lepton + jets)

JHEP 05 (2014) 108

/

’ ' AK5 Jet /b =158 6
; - | P= 108 Gev p1; : 9 W
Lepton Selection: nE .46 n=-1.
i MET
* Exactly 1 electron(muon) with EoL 315 GV

pT > 50 GeV, and |n| < 2.5(2.1)

M(top) = 179 GeV

Jet Selection: p, (top) =504 GeV

* Require at least 2 jets with
leading jet pT > 120 and 2nd
leading jet pT > 40 GeV

M(tb) = 3824 GeV

MET Selection:
* Reqmre MET > 20 GeV n=204 CMS Experiment at LHG, CERN
. . Data recorded: Fri Aug 10.07:27:27 2012 CEST
B-tagging Selection: Run/Even’. 20000 4 351145223
* Require at least one of the O liCrossing: 61967990 2624

leading two jets to be b-tagged



W’ Invariant Mass

CMS, L=19.5fb" at {s = 8 TeV
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¢ Data
10 e+jets N ngs = 1or2 [  + Single top .
20w 7oy Additional cuts for increasing sensitivity

—_
o
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B Uncertainty

Events / 50 GeV
3 2

TR B
500 1000 1500 2000 2500 3000 3500 4000
M(tb) [GeV]

Top pair + single top: Normalized to
(*)NNLO cross section, shape from MC
and checked in control region

Events / 50 GeV
3

: . _ 2
W+jets: Shape from MC and checked in 30
a control region, normalization derived -2
from the data

mevimes OW' ) X 20, MW’ )=2.0ToV 130 < m(top) <210 GeV
—— a(W') x 20, (W' )=3.0 TeV ° pt(top) > 85 GeV
¢ pt(j1,j2) > 140 GeV

CMS L=19.5fb" at \s = 8 TeV
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Generalized Couplings

* For any set of the three parameters a|, a;, and M,/

 The W'invariant mass distribution is determined by adding the distributions from
the four samples generated with (a , a;) = (0, 0), (1, 0), (0, 1), and (1, 1) in the

proportions given by:  ; _ ;. 4 ol gl (g — og — oun)

+ ((“fld“.{'b)z + (“fdaﬁ) 2) OR
JHEP 05 (2014) 108 N % ((“5a“ﬁ)2 + (afaaf‘b)z) (o1r — 01— 0R).

CMS, L=19.5fb" at \s =8 TeV

CMS, L=19.5fb™ at \s =8 TeV
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T % © %
2150

2150 0] (2

2000 — 2000 —
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S =

- 95% CL expected - 95% CL observed

e/u+jets sample e/u+jets sample
Ny tags = 101 2 —950 - Nygs=10r2 —1950
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00 0.2 0.4 0.6 0.8 1 800 0 0.2 0.4 0.6 8 1 800



Fully Hadronic Final State &

* Focus on high mass W’ (> 1.3 TeV)
* Top daughter jets are highly boosted

— Merged into a single jet

).
% ./Q(.

Merged Top Jet

* B candidate jet in opposite hemisphere
* Interested in high p; objects

— p; > 450 GeV for top candidate

— p; > 370 GeV for b candidate

* Analysis Strategy:
— Boosted top jet identification
— b-tagging

— Background estimation

Event Topology

CMS-PAS-B2G-12-009

27



CMS Top tagging algorithm

Cambridge-Aachen jet
clustering algorithm with R
=0.8

Try to decompose merged Sublet 1 o S%bfé%’zdg?
. . - eta = -U.
jets into two and then o= 1565 phi=2101
. . \ pt =270.70
three or four primordial eta 0,156
“ i " Top jet, \ \ [ARhiIS 22095
subjets ot = 1090.42
. : eta =-0.020
The top jet should contain ohi = 2,082
three subjets mass = 234.5

— Two subjets from the

ent at LHC, CERN

W deca a Wed Aug 15 20:21:18 2012 CEST
y ur 0991 / 5660
urr

1

— One from the b-quark
hadronization

Use N >=3

subjets



CMS Top-Tagging Algorithm

e (Calculate the pairwise mass of subjets

mij = \/(Ei T Ej)z_(pi T pj)z
e Put a subjet pair within the range of W boson mass

— Cut on minimum m;, > 50 GeV

e Put jet within top mass range
— 140 GeV < M < 250 GeV

29



N-subjettiness

Variables Ty describe how consistent the
jet energy is with having N subjets

1 :
™ =30 > premin {ARy, ARy, , ARy}
k

— J. Thaler, K. Van Tilburg, arXiv:1011.2268 145 GeV <m <205 GeV
0.06
= Top jets
L : : 0.05{L—QCD jets
As T, 20, jet is more consistent with
having N subjets g°-°‘
— e.g.ast; 2 0, more like a top jet §m
— e.g.asT, 2 0, more likea W jet §002
— e.g.ast, 2 0, more like a quark jet €
0.01
Ratios are typically used — eg. t,/1,t0 B ""os i —oF o3 %

separate top jets from W jets

— Require t5/t, <0.55 v



B-tagging subjets
* One of the subjets within the top jet should be a b-jet
* Allow for any of the three subjets to be b-tagged

-1.0 0.5 0 0.5 1.0 C -

SubJet1
et =169.16

phi = 2.277

eta = -0.406 \

=120

=05

SubJet2

et = 130.09
eta = -0.440
SubJet3 phi=2.680
: et=107.45
— -0.5 |eta=-0.799 b-Jet Candidate
- phi = 3.108 et = 35.82
eta = -1.054
phi = -1.631

= CMS Experiment at LHC, CERN
— D410 recorded: Sun Jun 17 03:03:28 2012 EDT

: . =0,
Run/Event: 196453 / 843094521
Lumi section: 966 phi = -1.675
Orbit/Crossing: 205203169 / 1269 0.5 0.5 1.0

Dat;

Lumi section: 1

ata ded: Wed Aug 15 20:21:18 2012 CEST i ‘
Run/Event: 200991 / 5660

0.5

Subjet 1, /\ Subjet2,
pt = 206.00 ;:: ol 5-3262(1"
eta = -0.203 : e I

phl =.1.965 ‘ phi =-2.101

Top jet, ¢ ‘

pt = 1090.42

eta =-0.020 S

phi = -2.082

mass = 234. \ ) \ .
\
\ A

'

} b?
1.0

Subjet 3,

pt = 270.70
eta = 0.156
phi = -2.095

31



Additional selection

 QCD reduced after top tagging

* Need to reduce ttbar background _  _CMSPreliminary (s=8TeV,19.7f0"
contribution % 0.35; E QCD Background Prediction _§

— In W’ = tb signal MC, the b Uei 0'35 N It vonte Carlo Prediction E
candidate jet is usually a true 0251 W', Monte arlo at 1700 GeV -

b jet 02F B W', Monte Carlo at 1900 GeV

— In ttbar, the b candidate jet is 015 —— WaMonte Carlo at 2100 GeV
commonly a merged top or W O'1§:++ e Data —

boson jet 0.05 + =

— Require b candidate jet mass oO: -

50 100 150 200 250 3
<70 GeV b Candidate Mass (GeV

e ttbar reduction of ~80%

o

0

N—

32



Background estimation

* Extract QCD estimate from data o 0ZMSPreliminary 15 =8 TeV. 197 15" (00s1<08)
(both shape and normalization) So.18[- 7/ NDof =039 =
£0.16 —
- |V|eaSU re the average b' %0_145— Bifurcated Polynomial Fit —E
tagging rate for QCD jets in S012E E
. o | Fit Uncertainty —
control region 50.08E E
Control Region <0-06;— e
_ N 004 TN -
Pptag = —post 002 T E
Npre =3 | | | | | e}
400 500 600 700 800 900 1000 1100 1200 1300
— Apply this average b-tagging Pt(GeV)
rate to the pre-btagged o 0SS Preliminary 5= 8TeV. 197 (0.6<01.15)
sample in the signal region o181/ NDof = 1.25 E
£0.16 —
Signal Region §0_14f— Bifurcated Polynomial Fit =
N - 012 =
NpOSt = "Ypre A Pbtag % 0.1 e Fit Uncertainty E
goo8l, =
<0.06 et g e =
e ttbar: extract shape from MC, 0.04 e =
normalization from data 002 e
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Results

CMS Preliminary, 8 TeV, 19.7 fb™!

10°

(Data-Bkg)/c
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Generalized Coupling Limits

CMS Preliminary 197 ! - / CMS Preliminary | 19.7 fb! at Vs = 8 TeV
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SUSY Searches



Natural SUSY searches

Many searches designed for signatures h
motivated by a “natural” solution to the —_
gauge hierarchy problem.

— Standard Model fermions get bosonic
partners, bosons get fermionic partners

| Ny

The lightest Higgs mass is allowed to
naturally be at the electroweak scale, no
fine tuning required.

-=-
- s

h ' ; h natural SUSY | decoupled SUSY

1) N. Arkani-Hamed
2) M. Papucci, J.T. Ruderman, and A.
Weiler, http://arxiv.org/abs/1110.6926
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Bosonic top partners



Production and Decay

Production: 10° e N 212 R AL ]

: : : )
* stop and sbottom pair production via S LI\ 1
gluon gluon fusion and ggbar annhilation § - tt
. » OF o
g Jtor b, 2:. L -4t or blblg
g g |
/ O101§_ _E
N : E
AN 102 Vs = 8 TeV -
g \ N NLO-NLL ]
torb; 10° E ,,,,,, IS .
. 100 200 300 400 500 600 700 800 900 1000

Decay: squark mass [GeV]

* R-parity conservation - the number of SUSY b

particles must be preserved in the decay W+

(assumed in this talk)
— Lightest supersymmetric particle (LSP)
cannot decay

* In this talk, the LSP is ~always the
lightest neutralino

~1
-0 -0

W

Will concentrate on direct




Decay sighatures

Many possibilities!

Am<my, my<Am<m, Am>m,
A A

A A\

r o \ [ \
x| m. <m._,| :
AR X SO
i (forbidden) [ 40 ‘
Ty .
e 2
R S
gl ~0 ~ ~0
t = bWy, I =ty
7 off-shell W (off-shell top) (on-shell top)
>
Myy m,
Am defines different regions of phase space: T
* Different kinematically allowed decays t

 Amount of energy for decay products

Am=m.-m_,
X

40



Direct stop searches
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V]

LSP mass [Ge

(o))
o
O

450 |-
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350

300

250

200
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(&)
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Stop Searches

Where we were last year....

mstop

< ~700 GeV exclusion for light LSP

Note gap in exclusion for Am = m, (stop “on top” of top)

No exclusion for Am < m,, from non-targeted searches

t-t production, t— t i?

IIIIIIIIIlIIIIlIIIIIIIlIIIIIIIII_
- CMS Preliminary
- \s =8 TeV — Observed
- SUSY 2013 - - - Expected

= SUS-13-004 0-lep+1-lep (Razor) 19.3 fb™

w—— SUS-13-011 1-lep (leptonic stop)19.5 fb™

[lITII1TIlllI1TIIIIIIIIIIIIIIIIIITII

llllllllllllllllIllllllIIIIIIIIIIIIIllllIIIlllII

llIIllIIllllllnIll

;
00 200 300 400 500 600 700 800
stop mass [GeV]

gl UL

1 lepton dedicated search
(SUS-13-011) is complementary to
hadronic (SUS-13-004) search

Combine the two analyses....
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Light Stop Combination

CMS-PAS-SUS-14-011

m

stop

300

200

100

CMS Preliminary, s =8 TeV

pp — T T— 7]
—MVA 1L, L =19.5 fo"
—RazorOL, L = 19.3 fb

NLO+NLL exclusion

Observed = 1 Oiheory

-~

1
[ I R I T A N

P

200 300 400 500 600 700 800 900

m (GeV)

300

200

100

0 200 300 400 500 600 700 800 90

< ~750 GeV exclusion for light LSP

New Combined Result
CMS Preliminary, L=19.5fb™", (s =8 TeV

pp - T, T— 1]
—Observed + 10

NLO+NLL exclusion
theory

---Expected = 10

MVA 1L Razor OL

experiment

m (GeV)

1 IIIIIII| 1 IIIIlIIl

B

0

10"

102

10°
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O lepton stop search

Fully reconstructed 3-jet system

Partially reconstructed “Remnant”

A targeted search reconstructs both Selection:
top quarks, one fully and the other e & n veto with pp>5
partially, and then applies topological > 5 jets with |n| < 2.4 and
cuts pr>70,70,50,50,30
CMS-PAS-SUS-13-015 P Tml,ss > 200 .
A9, 5 3, pr™)>0.5,0.5,0.3




O lepton stop search

=
Use p;of 3-jet, remnant, and MET
to calculate:
MTZ
MTRsys

3jet
I\/lT

M., > 300 GeV

CMS Simulation, L = 19.4 fb™" Vs = 8 TeV

0.1-

0.0—

Fully reconstructed 3-jet system

Partially reconstructed “Remnant”

0.3

02

‘ T T

J S

““““““

tt
Signal (350, 0)
Signal (500, 100)

Signal (650, 50)

| 1 ‘
400

. 1
800

My, [GeV]



O lepton stop search

Fully reconstructed 3-jet system

Partially reconstructed “Remnant”

CMS Preliminary, L = 19.4 fb™", {s = 8 TeV

%’ 90;”"I""I'"'I""I""I""I""I""I""I";

Q) c —+—Data ]

8 80 Z_ tt/W— ThagrtX _:

~ 70l t/W— e,u+X B

- C Z—>VV ]

Use p; of 3-jet, remnant, and MET to & w. 0 Sl 600,100
T ignal (650, :

calculate: sof- E
My, My, > 300 GeV Nl
30— .

Rsys - \\\ i
M™Y 3 20(- ‘\\&q\x \ =
jet R - C ]

IVI 3Jet 0-5 MT J€ +MT SYys >_ 500 GeV 10 § E
T e TRANAN
TS N ORI e vk SOV IRSSCTSVCY s i A W

0 i) Ll
100 200 300 400 500 600 700 800 900 1000

0.5"M>* + M;™° [GeV]



O-lepton stop search

CMS Preliminary, 19.4 fb™”, {s = 8 TeV

% 450 pp—-itt— tz? NLO+NLL exclusion
Q400 =Observed+ 16 heory
Search Total Obs. |1 EONF “<<Expected* 16, o inont
. R , 3501 =
region background | data - ;
S8 v S. 4 - .
priss > 200 GeV, Npjes = 1| 254.3 1370 254 300 =
priss > 350 GeV, Npgjets = 1| 409 150 45 2505 ]
pEiss = 200 GeV, Npjets = 2| 88.4 1158 83 - :
PS5 350 GeV, Nipjere = 2| 8.6 17) 15 200 B e ! E
150 N 3
100/ L =
Limits set in (Mg, M;p) 5o : SN
N " ll 11 1 1 I 11 1 1 I 1 8 II IE 1 IEI I I:
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""Charmed’ search

For Am < m,,+m,, search for|7; — ¢x9

— allowed when Am > m_

Target compressed spectra where
decay products are ~ all invisible

Signature: charm jets very soft and LSPs
are ~back-to-back, so require hard ISR
jet recoiling against MET from the LSPs

CMS-PAS-SUS-13-009

b

p _ W
t =
L \'T% " lli
el %
l,‘/'
P b
g &
Require:
MET>250

1 or 2 jets, p1(J,)>60, n|<4.5

A(i)(] I» J2)<25
Lepton veto

Selrch with varying
p1(J,)thresholds.
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""Charmed’ search

pr(j1) (GeV/ec) | > 250 > 300 > 350 > 400 > 450 > 500 > 550
Z — vvtjets 2120941115 100771592 45971324 22504197 12504137 663194 334165
W+jets 12328+707 59394366  2690+180 1246+92 - 627152 301+29 150+18
tt 6021301 3441172 178189 91146 48124 27114 18+9.0
Z — ll+jets 127164 75138 40120 25=13 17+8.3 11+5.6 7.4+3.7
Single t 17286 97149 49124 21x10 11£5.7 52x2.6 3.2x1.6
QCD Multijets | 786473 508+306 304+184  162+99 80449 52432 28+18
DiBoson 6391320 3691184 206103  113x56 64132 36+18 21+10
Total SM 35862+1474 17409+803 8064+437 3907+250 2098+160 1096+106 563+71
Data 36582 17646 8119 3896 1898 1003 565

[GeV/c?]

M_o

250

200
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100

- CMS Preliminary [Ldt=19.71b", (s =8 Tev
-1 z?c NLO+NLL exclusion

= Observed limits = 1o

theory

A
\\\\\\

‘‘‘‘‘

%

o,
o o,

LEP, 6=0°
LEP, 6=56°
L Do: 1o

- CDF: 2.6fb
TR I T R

300 350
m; [GeV/c?]

CMS-PAS-SUS-13-009
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LSP mass [GeV]

Stop results

-t production, t—t 5‘(? /c 5‘(?

700 _l T T | T 11 | T 1T | T T | T T | T T | T 11 [ I_
- CMS Preliminary — Observed .
600/ — |
B \/g =8 TeV -~ - Expected 7]
"ICHEP 2014 ]
500 SUS-13-011 1-lep (MVA) 19.5 fb™ _|
[~ = SUS-14-011 0-lep + 1-lep + 2-lep (Razor) 19.3 fb™ ]

— = SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.3 fb™ -
400 |- — SUS-13-009 (monojet stop) 19.7 tb! (T~ ¢ 7)) _
| = SUS-13-015 (hadronic stop) 19.4 fb™' |
300 —
200 —
100} —
0 Y/ | 1.4 ,I'"I: f’ [ | | | | | | | [ | L /. | I_

100 200 300 400 500

600

700 800
stop mass [GeV]
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stop, searches

~

* IfAm~m,, f signal is very similar to SM
top pair production and there is little
sensitivity with the existing searches.

* Look for relatively light fz that decays to ;1

- Signature: same final state as 7, > t LSP, but
with multiple additional leptons (from Z) and/
or b (from H)

H
-Fb - /./’—/ t
- £ )

t-t production, t— t'i?

; 500 __l LI T T I. T L T T | T 1T 11 | T 1T T | T T 11 | T T 1 1
8 FCMS IJ-"rellmlnary

2 450 |s = 8 TeV —— Observed e
E 400 SUSY 2013 -~ Expected E
a - ]
[} I g
- 350 E == SUS-13-004 0-lep+1-lep (Razor) 19.3 fo! _:

[~ === SUS-13-011 1-lep (leptonic stop)19.5 b

1]

1
I|IIII|IIIIII:III|III—
400 500 600 700 800
stop mass [GeV]

11 Lll 1
300

O"" Y. A
100 200

Z 7 - dilepton signature

t
‘El“‘/ .o Use Higgsto
X1 tag SUSY
fr . X! signatures!
S t
H H > bbbar signature
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CMS: arXiv:1405.3886

stop, searches

Combine the results of all three lepton analyses
Exclusivity through lepton counting

CMS =8TeV, [Zdt=1951b"

; 400 T T T T T T T T T | T T T T ] T I~’L INI I~ T INI I (I)
O | — Observed UL, pp—stt,, botH, >t ]
Q) s Expected UL.: m;—m , = 175 GeV -
—_ - 1¢+208S7¢ X ]
é 350__ === 2 SS ¢ high-pt B
- =37 Off-Z 7
3001~ N
2501 o
200~ . B
1 1 1 1 l | 1 1 1 | il 1 li | I 1 1 | 1 I E 1 i 1 1

300 350 400 450

Decay with H

500 550
m- [GeV]

CMS =8TeV, [Zdt=1951b"

m-—m 0_17SGueV t—>tx

1

. — Observed UL,

>’
()
(.2. [ e Expected UL: '
e = {@(2—”1 ) 100%

400

300

ul | 1 | 1 1 | | | | 1 | 1 1 1 1 | 17

500 600
m- [GeV]
2

Mixed branching ratio scenario



Fermionic top partners

Fourth generation models

— Heavy neutrino~> dark matter
candidate

— Large CP violation

Vector-like quarks (VLQs) [non-chiral
fermions]

— Predicted by a large variety of
models

e Little Higgs models
* Warped extra dimensions
 Composite Higgs model

— Not excluded by Higgs cross
sections

T (S3)cilep 53)

T-stZ{seeridop+iop)

T iH(somdepiep)
Vector-like T'
T sbW{semiep+iep)

T (H-vyy)

T -stH(hadronic)

B’ »bZ(muitiep)

Vector-like B'

—

b multiep)

B stW{multiep)

B 1W(ss-diep)

B'—bZ(dlep)

8 bZ(semiep)

B'bH{semiop)

B'+W(semiep)

mar+MET, scalar(dd)

Dark matter

t+*MET.vectorial{had)

teMET scalar(had)
lllllllllllllllllllllll

0 02 04 06 08 1 12 14
Excluded Mass (TeV)




Summary & Conclusions

Wide range of measurements and searches being performed by CMS

* Precision measurements, studies of the Higgs boson

e Searches for new physics beyond the Standard Model

Searches cover comprehensive spectrum of final states

— Exclude large regions of parameter space

— Lots of progress in exploring difficult regions of parameter space/
complicated/boosted final states

The Run Il LHC dataset will provide even greater sensitivity to new physics

discoveries

— Explore new mass
100 —— . ——— :
ratios of LHC parton luminosities: 13 TeV /8 TeV

luminosity ratio

scales and rare and unusual processes

| ——99_
~---xqq /
| g Y.
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2008:

Only Higgs seen at LHC so far!
v . B 4 HDAN A " -

‘ AL :\\

L &

Summary & Conclusions
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Summary & Conclusions

2008:
OnIy nggs seen at LHC S0 farI
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Summary & Conclusions

Nl The only stop
(Y~ seen at LHC $o far

LF

.r‘—_:g

o _—
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~
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http://cp3-origins.dk/a/4276
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News Flash 2016

all the news that is yet to print

Che New Aork Cimes

Exotic Top Partner Discovered
By THE FREE ASSOSIATION PRESS™

The scientific community was rocked
yesterday when the CMS collaboration
announced the discovery of a strange new
heavy particle in a press conference at
CERN. “This is an historic occasion.”, said
the CERN director, congratulating the team
that led the effort... —

_

** Credit: Hal Evans



